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[57] ABSTRACT 
Disclosed is a dry cell comprising a depolarizing mix 
consisting of manganese dioxide, carbon black and an 
electrolytic solution containing, as a major electrolyte, 
a neutral salt, a zinc anode and a cathode collector made 

, of an alloy containing iron as a major component and 
more than 10% by weight of chromium. 

7 Claims, 8 Drawing Figures 
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DRY CELLS WITH STAINLESS STEEL CURRENT 
COLLECTOR 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of 
cathode collectors of manganese dry cells. 

In prior art dry cell comprising, in combination, an 
electrolyte mainly consisting of ammonium chloride 
and/or zinc chloride, a cathode made of manganese 
dioxide, the cathode collector has been generally a 
carbon electrode or an electrically conductive plastic 
?lm containing carbon. Carbon electrodes have been 
used in cylindrical dry cells which have been widely 
used. Electrically conductive plastic ?lms containing 
carbon, have been used in button-shaped dry cells, in 
side-out type dry cells, ?at dry cells and laminated dry 
cells. These carbon electrodes and electrically conduc 
tive plastic ?lms have many defects which are the major 
causes which have delayed the development of the dry 
‘cells. Carbon electrodes have poor air-tightness so that 
the atmospheric air intrudes through them into dry 
cells, causing corrosion of zinc and consequently reduc 
ing the shelf life. In addition, because of poor air-tight 
ness, electrolyte leaks through carbon electrodes, cause 
corrosion of metal cathode caps in contact with carbon 
electrodes. 

In the prior art button-shaped dry cells, inside-out 
type dry cells, ?at dry cells and laminated dry cells, 
electrically conductive plastic ?lms containing carbon 
and/or carbon compounds are used as cathode collec 
tors, but pinholes and cracks easily form in the ?lms. A 
local cell is formed through pinholes and cracks be 
tween manganese dioxide and the metal backing plate of 
the ?lm which is a zinc plate in the laminated dry cells. 
The manganese dioxide is unnecessarily. Moreover, a 
metal plate upon which an electrically conductive plas 
tic is applied is subjected to corrosion. When the metal 
plate is used as a shell, as in the case of inside-out and 
button-shaped dry cells, electrolyte leakage occurs 
through the corroded shell. Moreover, in dry cells 
wherein zinc is used as an activator, that is, in the ?at 
dry cells, spiral dry cells and laminated dry cells 
wherein zinc metal is used as an anodic activator, zinc is 
also unnecessarily consumed. 

Furthermore, when an electrically conductive plastic 
?lm containing carbon is used as a collector for manga 
nese dioxide containing dry cells, permeation of the 
electrolyte due to the capiliary action of the carbon in 
the electrode cannot be avoided completely. Thus, the 
above-mentioned prior art dry cells have a common 
defect in that their performance and shelf life are ad 
versely affected by pinholes and cracks in the electri 
cally conductive plastic ?lms. 

Instead of carbon cathode collectors, the use of plati 
num or gold which are stable up to a considerably high 
potential was considered. However, in practice it is out 
of the question to use such materials as cathode collec 
tors because of their extremely high cost. There are 
available some alloys such as sterite, Hastelloy and the 
like are stable to manganese dioxide. However, but their 
hardness is extremely high so that they are dif?cult to 
machine and therefore they cannot be used as cathode 
collectors. As described above, the defects of the prior 
art cathode collectors for manganese dioxide containing 
dry cells may be attributed to the common fact that they 
are made of carbon. 
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SUMMARY OF THE INVENTION 

One of the objects of the present invention is to sub 
stantially eliminate the adverse affects of carbon elec 
trodes due to poor air-tightness, high permeability and 
formation of pinholes and cracks in electrically conduc 
tive plastic ?lms upon the performance and shelf life of 
dry cells. I 

The inventors conducted extensive studies and exper 
iments on alloy systems and discourse that an alloy 
mainly consisting of iron and chromium is stable to 
manganese dioxide and excellent in both ductility and 
machinability. The present invention is based upon the 
above observed fact. 
Another object of the present invention is therefore 

to use as a cathode collector of a Leclanche dry cell, as 
alloy mainly consisting of iron and chromium, thereby 
eliminating the adverse effects on the performance and 
shelf life from poor air-tightness of carbon electrodes 
and pinholes and cracks in electrically conductive ?lms 

. or foils of the prior art dry cells. 
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An alloy in accordance with the present invention 
which is used as a cathode collector, mainly consists of 
iron and contains at least more than 10% by weight of 
chrominum. With the 'content of chromium less than 
10% by weight, such an alloy is easily susceptible to 
corrosion when brought into contact with manganese 
dioxide. However, a cathode collector which is very 
stable and has excellent resistance to corrosion may be 
made of an alloy mainly consisting of iron and contain 
ing at least more than 10% by weight of chromium. 
Furthermore, when both or either of 0.5 to 3% by 
weight of molybdenum and 2 to 15% by weight or 
nickel are added, a more stable cathode collector may 
be provided. An alloy in accordance with the present 
invention retains the inherent qualities of iron and ex 
hibits excellent ductility and machinability. The alloy 
may be easily rolled into a thin sheet from which are 
drawn not only cylindrical cases for button and inside 
out dry cells, which also serve as cathode collectors, 
but also case in suitable shapes for ?at, spiral and lami 
nated dry cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a button dry cell to 
which is applied the present invention; 
FIG. 2 is a sectional view of a cylindrical dry cell to 

which is applied the present invention; 
FIG. 3 is a sectional view of an inside-out dry cell to 

which is applied the present invention; 
FIG. 4 is a sectional view of a ?at dry cell to which 

is applied the present invention; 
FIG. 5 is a sectional view of a laminated dry cell to 

which is applied the present invention; 
FIG. 6 shows cathodic polarization curves with a 

potential versus a saturated calomel electrode plotted 
along the abscissa and a current, along the ordinate; 
FIG. 7 is a graph illustrating the dependence of cor 

rosion of iron-chromium alloys on the content of chro 
mium; and 
FIG. 8 shows cathodic polarization curves A and B 

of cathode collectors in accordance with the present 
invention in zinc perchlorate and zinc chloride solu 
tions, respectively. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 there is shown in cross section a button dry 
cell wherein an alloy in accordance with the present 
invention is used as a cathode collector. More speci? 
cally, the cathode collector 1 which also serves as an 
outer case or shell is made of an alloy consisting mainly 
of iron and containing 14% by weight of chromium. A 
depolarizing mix or core 2 directly ?lled in the shell 
consists of a black mix consisting of manganese dioxide 
mixed with carbon black and an electrolyte, and a sepa 
rator 3 is placed on the top of the depolarization core 2 
and an anode or zinc plate 4 is placed over the separator 
3. The top of the shell 1 is sealed with a metal top or 
anode collector 5 which is electrically isolated from the 
shell‘with an insulating ring 6 made of a plastic or the 
like. 

In FIG. 2 there is shown in cross section a cylindrical 
dry cell to which is applied the present invention. The 
cathode collector 1 is placed in the depolarizing mix 2 
which is filled in the zinc plate shell 4 and is separated 
therefrom with the separator 3. The zinc shell 4 is sealed 
with a top sealing member 6a. 

In FIG. 3 there is shown in cross section an inside-out 
type dry cell to which is applied the present invention. 
The depolarizing mix 2 is ?lled in the shell or cathode 
collector 1 in accordance with the present invention, 
and zinc anode 4 is placed in the depolarizing mix 2 and 
separated therefrom by the separator 3. The anode col 
lector or terminal 5 is electrically brought into contact 
with the zinc electrode 4 and is electrically isolated 
from the shell 1 with a sealing member 6b and serves 
also as a bottom seal. 

In FIG. 4 there is shown in cross section a ?at dry 
cell to which is applied the present invention. The bot 
tom of the cell consists of the cathode collector 1 upon 
the top surface of which is formed a lower depolarizing 
mix layer 2 over which is placed a lower separator 3. 
Placed over the lower separator 3 is a clad metal 7 
consisting of an alloy cathode collector and a zinc plate, 
and an upper depolarizing mix layer 2 is formed over 
the top surface of the clad metal 7, and an upper separa 
tor 3 is placed over the upper mix layer. Placed over the 
upper separator 3 is an anode zinc plate 4 which is elec 
trically isolated from clad metal 7 with an electrically 
insulating adhesive 60. The clad metal 7 is also electri 
cally isolated from the cathode collector 1 with the 
adhesive 60. When two ?at dry cells of the type shown 
FIG. 4 are connected in series, the clad metals 7 are 
used as connectors between them. 

In FIG. 5 there is shown in cross section a primary 
cell of a laminated dry cell consisting of the cathode 
collector 1, the depolarizing mix 2, the separator 3, the 
anode zinc plate 4 and an outer tube 8 made of a ther 
mally shrinkable material. 
As described above, the alloys in accordance with the 

present invention may find wide applications as cathode 
collectors in the dry cells of the type using manganese 
dioxide. 
The cathode collectors in accordance with the pres 

ent invention may be also used in the dry cells of the 
type using an electrolyte consisting mainly of ammo 
nium chloride and/ or zinc chloride. They may be also 
used in the manganese dioxide dry cells of the type 
using an electrolyte consisting mainly of zinc perchlo 
rate, but more stable operation may be ensured when 
used in manganese dioxide dry cells. That is, corrosion 
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4 
of cathode collectors may bev minimized when they are 
used in an electrolyte wherein the anion is a chloride ion 
rather than when they are used in an electrolyte 
wherein anion is perchlorate ion. 
As cathode collectors, various stainless steels may be 

used. For instance, they are austenitic stainless steels 
containing more than 3% and more preferably 12% by 
weight of nickel and more than 16% by weight of chro 
mium, and they are designated by the American Iron 
and Steel Institute as types AISI 201, 202, 301, 302, 304, 
304L, 305, 309$, 3108, 321, 347 and so on. Moreover, 
stainless steels such as AISI 316, 316L and 317 contain 
ing more than 1% by weight of molybdenum may be 
used. 

Ferritic stainless steels containing more than 10% by 
weight of chromium may be also used. They are, for 
instance, AISI 405, 429 and 430. In addition. AISI 434 
may be used which contains more than 0.5% by weight 
of molybdenum. 

Martensitic stainless steels containing more than 10% 
by weight of chromium may be used. They are, for 
instance, AISI 403 and 410. 
The above-mentioned stainless steels have excellent 

resistance to corrosion as a cathode collector by manga 
nese dioxide in an electrolyte wherein the anion is a 
perchlorate ion. When used as a cathode collector in a 
manganese-dioxide dry cell using an electrolyte consist 
ing of, for example, ammonium chloride and zinc chlo 
ride wherein the anion is a chloride ion, a stainless steel 
containing more than 30% by weight of chromium and 
more than 2% by weight of molybdenum has excellent 
resistance to corrosion and a longer shelf life. 

In dry cells of the type using an electrolyte wherein 
the anion is a chloride ion, the types of cathode collec 
tors are limited. It is preferable to use stainless steels as 
a cathode collector containing more than 30% by 
weight of chromium and about 2% by weight of molyb 
denum without containing nickel. However, in dry cells 
of the type using an electrolyte wherein the anion is a 
perchlorate ion, stainless steels containing more than 
10% by weight of chromium may be satisfactorily used. 
FIG. 6 is a graph illustrating how stable a cathode 

collector in accordance with the present invention is in 
a. manganese dioxide cell of the type using an electrolyte 
consisting substantially of zinc perchlorate. Potential 
versus the saturated calomel electrode SCE is plotted 
along the abscissa whereas current, along the ordinate 
when zinc chloride concentration is 30% by weight. A 
cathodic polarization curve A shows the present inven 
tion or is that of an alloy containing 68% by weight of 
iron, 30% by weight of chromium and 2% by weight of 
molybdeum. A curve B indicates cathodic polarization 
of an alloy containing 91% of iron and 9% by weight of 
chromium only. It is seen that an alloy having a compo 
sition in accordance with the present invention is signif 
icantly stable at 0.6V and that even at less than 0.6V 
passive current is considerably smaller as compared 
with the curve B. Thus, an alloy in accordance with the 
present invention exhibits excellent characteristics as a 
cathode collector for a manganese dioxide dry cell. 
FIG. 7 shows the comparison of stability or corrosion 

between a cathode collector in an electrolyte containing 
a chloride ion and a cathode collector in an electrolyte 
containing a perchlorate ion and the dependence of 
corrosion on a content of chromium in % by weight. 
Curve A indicates the corrosion rate in a solution con 
taining 20% by weight zinc chloride whereas curve B 
illustrates the corrosion rate in a solution containing 
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20% weight of zinc perchlorate. It is clearly seen that 
the lower the chromium content, the faster the corro 
sion occurs. In addition to chromium, other elements 
may be added in order to improve the resistance to 
corrosion. For instance, a stainless steel ‘containing 20% 
by weight of chromium and 3% by weight of molybde 
num or stainless steel containing 16% by weight of 
chromium, 12% by weight of nickel and 3% by weight 
of molybdenum has increased resistance to corrosion. 
From FIG. 7, it is also seen that the cathode collectors 
are less subject to corrosion in the zinc perchlorate 
solution than in the zinc chloride solution. Moreover, it 
is seen that a stainless steel cathode collector used with 
the zinc chloride solution (A) must contain at least more 
than 20% by weight of chromium whereas a cathode 
collector used in the zinc perchlorate solution (B) must 
contain at least more than 10% by weight "of chromium. 
FIG. 8 shows cathodic polarization curves similar to 

FIG. 6. Curve A shows cathodic polarization of a stain 
less steel containing 28% by weight of chromium and 
placed in a solution containing 30% by weight of zinc 
perchlorate, whereas curve B illustrates cathodic polar 

20 

ization curves, of an alloy containing 72% by weight of , ' 
iron and 28% of chromium when it is placed in a solu 
tion containing 30% by weight of zinc chloride. 
From FIG. 8, it is seen that the cathode collector in 

accordance with the present invention is more stable at 
0.6V in the zinc perchlorate solution and that passive 
current is considerably smaller as compared with the 
curve B. Therefore, a cathode collector in accordance 
with the present invention is extremely stable in an 
electrolyte containing zinc perchlorate in a manganese 
dioxide cell. ' 

The advantages and features attained when an alloy 
in accordance with the present invention is used as a 
cathode collector, may be summarized as follows: 

(a) Opposed to carbon electrodes, a cathode collector 
of the present invention has complete air-tightness 
or no permeability so that it is completely free from 
the adverse effects of the surrounding atmosphere. . 

(b) Leakage of electrolyte from a cell hardly occurs 
so that, opposed to the prior art dry cells of the 
type using carbon electrodes, ‘corrosion of a cath 
ode cap may be completely prevented. 

(c) Instead of an electrically conductive plastic ?lm, 
an alloy of the present invention may be advanta 
geously used to prevent the degradation of perfor 
mance due to pinholes and cracks in the plastic 
film. 

(d) When an alloy containing iron as a major compo 
nent and at least more than 10% by weight of chro 
mium is used as a cathode collector, shelf life may 
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6 
' be remarkably increased as compared with the 
prior art dry cells of the type having carbon elec 
trodes. - 

(e) In the prior art dry cells of the type using electri 
cally conductive plastic ?lms, the latter must be 
supported on metal plates. However, an alloy of 
the present invention may have a double function 
as a cathode collector and as an outer shell so that 
a supporting metal may be eliminated and conse 
quently materials may be saved and fabrication 
steps may be reduced. Moreover, an alloy of the 
present invention has sufficient ductility and plas 
ticity so that it may be easily formed in any form 
such as a can, a thin plate or the like. 

What is claimed is: 
1. A dry cell comprising 
(a) a depolarizing mix consisting essentially of manga 

nese dioxide, carbon black and zinc perchlorate as 
an electrolyte, 

(b) an anode made of zinc, and 
(c) a cathode collector made of an alloy containing 

iron as a major component and more than 10% by 
weight of chromium. 

2. A dry cell as set forth in claim 1 wherein the elec 
trolyte is zinc perchlorate, and said cathode collector is 
made of an alloy containing iron as a major component 
and more than 10% by weight of chromium and 0.5 to 
3% by weight of molybdenum. 

3. A dry cell as set forth in claim 1 wherein said 
cathode collector is made of an alloy containing iron as 
a major component, more than 10% by weight of chro 
mium, 2 to 15% by weight of nickel and 0.5 to 3% by 
weight of molybdenum. 

4. A dry cell as set forth in claim 1 wherein said 
cathode collector is made of an alloy containing iron as 
a major component, about 30% by weight of chromium 
and 2% by weight of molybdenum. 

5. A dry cell as set forth in claim 1 wherein said 
cathode collector is made of an alloy containing iron as 
a major component, more than 16% by weight of chro 
mium and more than 3% by weight of nickel. 

6. A dry cell as set forth in claim 2 wherein said 
cathode collector is made of an alloy containing iron as 
a major component and about 20% by weight of chro 
mium and about 2% by weight of molybdenum. 

7. A dry cell as set forth in claim 3 wherein said 
cathode collector is made of an alloy containing iron as 
a major component, about 16% by weight of chromium, 
about 12% by weight of nickel and about 3% by weight 
of molybdenum. 
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